In this paper, we describe a cultivation procedure in large-capacity fermentors (200 liters) and the purification of the Salmonella crude extracts by means of zonal centrifugation in a sucrose gradient. Briefly, the endotoxin has been extracted from salmonellae with hypertonic solutions. The crude endotoxin was shown to contain several antigens, mainly ri, r2, r3, or heterologous antigen. The heavy endotoxin was isolated and purified previously by enzymatic digestion, followed by a series of gel filtrations on Sephadex or Sepharose columns. We report the isolation and purification of heavy endotoxin in sucrose gradients, with the use of a B XIV titanium zonal rotor. From 150 to 300 mg of the crude material resuspended in a solution containing 1 M sodium chloride, 0.1 M sodium citrate, and 2.5% (w/w) sucrose, has been submitted to zonal centrifugation in gradients consisting of 5 to 25%C-(w/w) sucrose, also containing 1 M sodium chloride and 0.1 M sodium citrate. An overlay of 200 ml of 1 M sodium chloride-0.1 M sodium citrate was introduced after the sample. The separations were obtained after centrifugation for 3.5 hr at 35,000 rev/min (fw2dt = 1.66 x 1011) at 4 C; the heavy endotoxin sedimented as heterogeneous material, from the middle toward the distal portions of the gradient. The heterologous antigens (r,, r2, r3), as well as bacterial proteins, remained in the sample zone. The heavy endotoxin recovered from the gradients was quite pure, as revealed by immunodiffusion tests against several antibacterial sera.
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The bacterial endotoxins are firmly bound to the cell wall, and it is therefore necessary to extract them. All of the extraction procedures have in common a starting material consisting of a suspension of the bacterial pellet in the fluid of extraction. However, the resulting products are crude extracts and have to be purified before use. At least two kinds of different products can be obtained according to the method of extraction: a whole endotoxin [Boivin's (4) Stock bacteria stored in gelose were used to start a liquid culture in a 100-ml tube with a lateral inlet.
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This culture was used as inoculum for two flasks, each containing 1,500 ml of medium and shaking in the van Doorn apparatus rotatory shaker. These 3 liters of medium containing bacteria were injected into the fermentor. Each hour, a sample was taken from the fermentor and growth was controlled by absorbance at 540 nm in a Klett apparatus or a Beckman spectrophotometer (model DB). When growth started, sterile glucose solution was added to the culture medium at a flow of 1 liter per hr with peristaltic pump. The pH of the culture was controlled with a pH electrode (Ingold) and was maintained at 7.2 by addition of 12 N sodium hydroxide. The liquid medium was stirred at about 150 rev/min, and a continuous air flow was allowed to pass through the medium.
The cells were harvested at the exponential phase of growth in a Sharples centrifuge and were washed two or three times with physiological saline in a PR 6 refrigerated centrifuge (International Equipment Co.) at 3,000 rev/min for 30 min.
Preparation of the crude endotoxin. The extraction of the endotoxin from the cells with a hypertonic solution of 1 M sodium chloride-0.1 M sodium citrate was accomplished by a method described previously (14) . The extracts were subsequently dialyzed against distilled water and lyophilized. The resulting dry powder constituted the crude starting material for the various experiments.
Sera. Sera were prepared by hyperimmunization of horses, as previously described (5, 8) . The properties and characteristics of all sera are reported in Table 1 .
Zonal centrifugation. Amounts of 150 to 300 mg of the crude endotoxin preparations were resuspended in 10 ml of 2.5% (w/w) sucrose, containing 1 The effluent was collected in 10-ml fractions. The absorbancy at 280 nm of each fraction was determined. Every other fraction was also used for immunodiffusion tests against several sera.
RESULTS AND DISCUSSION Analysis of crude extracts of endotoxin reveals the presence of several nontoxic, antigenic components, along with the heavy endotoxin, r4 (Fig. la) . The extraneous antigens consist of the heterologous antigens r1, r2, and r3 (common to all enterobacteria), antigens of the cell wall proteins, and finally the flagella. Previously, the heavy endotoxin (r4) has been isolated from such crude extracts, thus eliminating the extraneous antigens, by a series of purification steps which are rather tedious and time-consuming, as mentioned above. In the final step of purification, i.e., gel filtration on Sephadex G-200, the heavy endotoxin (r4) is obtained in the exclusion volume, whereas the heterologous antigens are retained by the gel. The extraneous proteins of the wall had been previously removed by digestion with Pronase.
On the other hand, by directly subjecting the crude material to zonal centrifugation in sucrose gradients, we have obtained purification of the heavy endotoxin (r4) in a single step. Figure 2 shows the absorbancy profile from a typical zonal centrifugation run of a crude extract of S. typhi R,. The distribution of the different antigens and wall proteins is also indicated. Under the conditions employed, the heterologous antigens ri, r2, and r3, as well as soluble proteins, remained in the sample zone and did not migrate through the gradient, whereas the flagella migrated towards the densest portion of the gradient. The heavy endotoxin (r4) migrated as a heterogeneous material from about the middle toward the heavier portions of the gradient, and traces were also found in the peak coriesponding to the flagella. The heterogeneity of the endotoxin has previously been observed by other workers. Certainly, the heterogeneity exhibited in the zonal runs can be attributed to different sizes or states of aggregation of the particles, since the immunodiffusion test against several sera revealed the presence of only the r.,1 component in these fractions. Furthermore, after the fractions (38-58) were pooled, dialyzed extensively against distilled water, and concentrated by lyophilization, the resulting material still showed, on immunodiffusion, the presence of only the heavy The behavior of the purified endotoxin on immunodiffusion on gels against several sera and its immunological heterogeneity have been discussed 1.4I previously (8) .
The endotoxin purified by zonal centrifugation 1.40 was biologically active. It was toxic to 10-day-old '39 chick embryos at a dose of 10-3 ,ug and was°p yrogenic for rabbits. When crude extracts of S. 1.38°c typhi 0901 (smooth) were subjected to zonal -t Q centrifugation, a profile similar to those given by crude extracts of the rough form was obtained. 1.36 Here again, the heavy endotoxin migrated as heterogeneous particles, in similar positions in the 1.35 gradient (Fig. 3) . With the extracts from S. minnesota, longer centrifugation times were N' (10 mlfraction necessary to obtain separation of the endotoxin, i of heavy although the latter also migrated as heterotyphi R2 geneous particles (Fig. 4) . iterial was Thus, the heavy endotoxin can be isolated I if sodium from crude endotoxin of smooth or rough forms ditions for of S. typhi or S. minnesota by zonal centrifuga7resence of tion in sucrose gradients. This single fractionation ioiz on gels procedure may be easily applied to the purification of endotoxins for enterobacteria.
During purification of endotoxins extracted from various other bacteria (such as E. coli, Shiga, or some other strains of Salmonella), we 1.40 found that the proteins remaining in the sample zone were common to all Enterobacteriaceac (as 1.39 shown in Fig. 1c) (Fig. lb) . Preliminary experiments performed with purified heavy endotoxin in an analytical ultracentrifuge also revealed that the material was heterogeneous, with a mean sedimentation coefficient of 53S.
As had been observed with the heavy endotoxin (r4) preparations obtained before (e.g., by Pronase digestion and gel filtration), the material purified by zonal centrifugation gave a single continuous precipitation line with sera 90193 and 90319, two distinct lines were formed with sera 13525 and 13475, each being continuous with the single line given by the two former sera (Fig. lb) 
